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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a zoom lens suitable for a 
video camera having a wide picture angle and embodied in a simple 
lens configuration. 

SOLUTION: A zoom lens concerned includes the first group G1 
having a positive refractive power, the second group G2 having a 
negative refractive power, the third group G3 having a positive 
refractive power, and the fourth group G4 having a positive 
refractive power, in the sequence as named from the side with the 
object concerned, and when a power change is to be made from the 
wide angle end to the telescopic end, the second group G2 moves 
to the image side, and the third group G3 moves to the object side 
at all times, and the fourth group G4 is moved to the object side at 
all times, wherein the first group G1 consists solely of positive 
single lens. 
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3 fr£G 3 t^ttifWJcOiS <t , i48lG4 G04fef«Mc»jfii 
2tS(C J fTlt^bnTV^ 0 

[004 i] ^*s«5(c*j^r, ffisas&iciaj 
ittwt^ii, @7nc/)J: !S2WG2^«flPJ{ci, IB 
3fl*G 3 «kSS4«G 4 £ttf*MU:»!lM-^ :^CJ:ot 

(C*5^T fc!B4ffG 4 &«jf*:M'S*i5 tljt:^CJ;ot 

[0 0 4 2 ] *«M6(C*iL^T(l, H6(C^i-J; 0!C, 
$ 1 JtfG 1 II, tt*flDHCi»jeOjEp< * u>X i ftfl* 

bftt), SB 2 WG 2(1, **«l:i!!i(0*>-x*xi/> 

*\ l^(n"J(cd2j(/)ft^^x^xu>xV)2fe7'j>ib/j:^, 
4fr£G 4{i, «ttHcdcoiE^ = x*^ u>X l ft/j^/j: 
So #J*iffill, SS4«G4(Ottft:(Hij(OiS i iSw^tcffli^ 

[0 0 4 3] HJStW6tciat^-c, J£ft*^6aiaiBicrfii 
ltToo:£f£(l, m^coJ; 0 fc, JR2BG 2 SrffcMJtc % 

3 8IG3 tm4&G 4&vommz&m-rz>zkiz£'ox 

f = 8.900 -15.400 



/0 



r i : 
r 2 - 

r 3 = 
r 4 : 

r 5 : 
r 6 - 

r 7 = 
r 8 = 
r 9 = 

r i o : 
r i i : 
r 1 2 = 
r i 3 = 
r m = 
r i 5 = 
r i 6 = 
r 1 7 = 
r i 8 = 
r i 9 = 
r 20 = 



Fno= 2.001 - 
co =33.877° - 
44. 5313 
235. 4481 
33. 3406 
10. 5620 
-25.6170 
54. 3610 
-173. 1864 (ft»M) 

34.4931 umm 

-19.8304 
10. 4305 

24. 3138 

25. 4055 
8. 6566 

34. 8911 
-21. 9889 



2. 304 
19. 983° 
d i = 

d2 = 

d3 = 

d4 = 

d5 = 

d6 = 

d? = 

d8 = 

d9 = 

d i 0 = 
dll = 

d 1 2 = 

d i 3 = 

d i 4 = 

d I 5 = 

d i 6 = 

d 1 7 = 

d t 8 = 
d I 9 — 
d 20 = 



[0 0 4 4] ft W±C0*K«2*^6lC*>t^ril, 
fc, ^2^G 2 ^4?|G 4&&to-£Xnmm 1 £|i]« 
2, 6 {C:fcl,>Tfl, Sl3B£G 2<D&l':sXt*:<OfottW 

[0 0 4 5] J^TC, ±K#*ttW<oftl^— *£jj*-f- 
IE#H±SBW*k f (l^*JfijSSEBt, FnoI1F^> 
, tuliW^n , r2 U->XfgCOEte^^ 
ffi, di , d2 ■•■(!# l^>Xffi[HJcD|lllfi|, ndi, nd2 ■< 
lift L/>X^d»WijfA vdi, vd2-|±#U>^eO 

x=(y 2 /r)/[l-h{l-(K+l) (y/r) 
2 } 1/2 ] +A 4 y 4 -fAsy 6 -fAsy 8 + Ai o y 1 0 

20 tztcL. r aizmfom^m. k(iri« n a 4 , a 6 , 

As, Aio 11^*1^X4 6&, 8#C, lOfte/^Mfeffi 

[0 0 4 6] &ib\ WTfiOftlt^— *ld*3ll n 

= 1. 4 9 2 4 1, 7^|v = 5 7, 6 6, XII, ® 

n = 1 . 4 9 2 16, T y^<^ v = 5 7 . 5 0(Ot 
cOflX^*^;/ ^ UyXt'^So 

[0047] mmm 1 

-26. 699 
- 3.087 
-11.666° 

5.0000 ndi =1.49241 vdi =57.66 

1.6000 nd2 =1.77250 vd2 =49.62 
9. 1557 

1.5000 nd3 =1.48749 v d 3 =70.44 

3.5000 nd4 =1.80279 vd4 =25.26 

4.8000 nd5 =1.49241 vos =57.66 
0. 1500 

4.7402 nd6 =1.60300 vd6 =65.48 

0. 0772 

1. 1165 iid? =1. 84666 v d7 =23. 78 

4.0000 nd8 =1.49241 vds =57.66 

1.6000 nd9 =1.52420 v d 9 =70.20 

2.6300 tid io=1. 54425 vdio=67. 00 
1 . 0000 

1.0000 iid i i =1. 50000 vdi »=60.00 



-6- 



(7) 1 0- 6 2 6 8 7 

II 12 
r 2 i = oo 



f 


8. 900 


15.400 


26. 699 


d, 


1. 000 


13. 278 


19.838 


d 7 


20. 729 


8.451 


1.892 


d B 


13. 551 


8. 628 


1.444 


dn 


8. 547 


9.453 


8.710 


d 16 


5.970 


9. 988 


17. 915 



85 7 flu 

K = 0. 0000 

A 4 =-2.0185 xl O" 5 

As =-1.0045 xlO- 7 

As = 2. 1313 x10" 9 

A, o=-1. 7474 x 10" M 

W> 9 tE 

K = 0. 0000 

A4 =-5.7976 x10~ 5 

As = 1.4379 xlO- 7 

As =-2.0236 x 1 0" 9 

Aio= 6. 3183 x 1 0~ 1 2 



[0 0 4 8] mmm 2 



30 

f = 8.900 -15.400 -26.700 
Fno= 2.000 - 2.382 - 2.877 
to =33.588° -20.245° -11.934° 
n = 51.1602 Cmtm di = 6.0000 
1-2 = -340.7162 d2 =(^T^) 

r 3 = 105. 0895 d3 = 2. 0000 

r 4 = 10.4665 d 4 = 7. 7608 

r 5 = -29. 9386 ds = 1. 5050 

re = 33.9326 mWffi) de = 2.8972 
r 7 = 43. 1092 d 7 = 2. 5000 

r 8 = 184. 3030 de = (»r£) 

T9 = co 0K*j) dg =(TTf^) 

no= 24.1821 (mm) dio= 4.7604 

r i i = -30. 7507 d i t = 0. 1500 

r 12= 10. 1953 d 12= 4. 6184 

r i3= 26.5327 d 13= 0. 1700 

r 14= 32. 2596 d M= 1. 1311 

r is= 8.6992 di5 = («[3;) 

r.e= 18. 2256 (^Jtfifij) di6= 4.5000 

r 1 7= -27.7589 di7 = TO 



ndi =1.49241 vm =57.66 

nd2 =1.49241 vd2 =57.66 

nd3 =1.49241 vd3 =57.66 

nd4 =1. 84666 vd4 =23. 78 

nd 5 =1.49241 vds =57.66 

n d 6 =1. 56883 vde =56. 33 

nd 7 =1. 84666 vd7 =23. 78 

nd s =1. 49241 vds =57. 66 



-7- 



¥ffflW- 1 0 - 6 2 6 8 7 

14 

nd9 =1. 52420 vd9 =70. 20 
nd to=1.54425 vdio=67. 00 

ii d 1 1=1. 50000 vdi i=60.00 

V 22- oo 



f 


8. 900 


15.400 


26. 700 


d, 


1. 000 


11. 686 


20.458 


d 8 


21. 458 


10. 772 


2.000 


d 9 


14. 257 


7. 512 


2.000 


d 16 


7.480 


10.686 


9. 897 


d 17 


7. 577 


11. 116 


17.417 



10 



13 

r i 8 = co 

r i 9= co 

T20= co 

r 2 I = co 



(8) 



d i 8= 1.6000 
d 19= 2. 6300 
d 2 o= 1.0000 
d 2 1 = 1.0000 



m i u 

K = 0. 0000 

A4 =-1. 1011 X10" 6 

Ae =-4. 1613 x10" 9 

As = 1. 1957 X 10-' 1 

Aio=-1.5633 xlO" 14 
mem 
K = 0. 0000 

A 4 =-4.6385 xl 0" 5 

Ae =-5.6702 x10" 8 

Aa = 2. 8259 xlO' 9 
Aio=-2.5546 X 10-" 
m 1 0 ffij 
K = 0. 0000 

A4 =-3.2121 X10- 5 

Ae = 5. 1978 xlO' 10 

As =-2.2641 xlO" 10 

Aio= 8. 2732 X 10-' 3 

m \ 

K = 0. 0000 

A4 =-3. 1628 xl 0~ 5 

Ae = 1.5533 x10~ 8 

As = 1. 6602 x 10-'° 

Aio=-3. 2434 xlO"' 2 



[0049] mhtmz 



f = 8. 900 -15. 400 -26. 700 
Fno= 2.800 - 3.363 — 4.246 
w =33.647° -19.906° -11.784° 
110.2121 (#£fc[IJ) di = 6.0000 ndi =1.49216 vdi =57.50 



-8- 



(9) 1 0 -6 2 6 8 7 

15 16 



r 2 - 


-64. 6133 




d2 = (nTS!) 












r 3 = 


-126. 0608 




d 3 = 1 . 6000 


n d2 


= 1 


49216 


v d 2 


=57. 50 


r 4 = 


14.0489 


{4mm 


d 4 =11.0637 












r 5 = 


-12.0152 




ds = 1.5000 


n d3 


= 1 


48749 


v d3 


=70. 21 


r 6 - 


-168. 0278 




d 6 = 2. 0000 


n d4 


= 1 


84666 


v d 4 


=23. 78 


r 7 = 


-37. 6785 




d7 =(«r^) 












r 8 = 




ds = C5p£) 












r 9 = 


10. 2335 




d 9 = 7. 4642 


n d5 


-1 


49216 


v d5 


=57. 50 


r i o = 


-31. 1103 




d io= 0. 1500 












r n = 


31. 1135 




dn = 1.0000 


nd6 


= 1 


84666 


v d6 


=23. 78 


r i 2 = 


10. 3337 
















r 1 3 = 


15.4408 


{4mm 


d 13= 4. 5000 


11 d 7 


= 1 


49216 


v d 7 


=57. 50 


r i 4 = 


-32. 4998 




d 14 = (^£) 












r i 5 = 


CO 




d 1 5 = 1 . 6000 


11 d 8 


= 1 


52420 


v d8 


=70. 21 


r i 6 = 


oo 




d .6= 2. 6300 


n d9 


= 1 


54425 


v d9 


=67. 01 


r 17 = 


oo 




d 1 7= 1.0000 












r i 8 = 


oo 




d u= 1.0000 


ndio 


= 1 


50000 


v d 1 0 


=60. 01 


r i 9 = 


oo 

















f 


8. 900 


15.400 


26. 700 


d 2 


1. 022 


10. 519 


17. 595 


d 7 


18. 573 


9. 076 


2.000 


d 8 


13. 776 


6. 666 


2.000 


d 12 


4.445 


7.421 


5.748 


d 14 


11. 868 


16. 001 


22.341 



20 



30 



m i is 

K = 0. 0000 

A4 =-5.4607 xl O" 6 

Ae = 8. 7595 xlO' 10 

As = 1.4591 X 10-" 

Aio=-4. 0171 xlO" 14 

|4i 

K = 0. 0000 

A 4 =-5.9752 xl O" 5 

As =-1. 1184 x10~ 7 

Ae =-2. 6701 x 10~ 9 

Aio=-6. 9575 X10" 12 

?H 9 iffi 

K = 0. 0000 

A4 =-1. 1563 x 10" 4 

Ae =-5.8566 xlO' 7 



-9- 



(10) ftmW- 1 0-6 2 6 8 7 

" I8 

Ae =-3.0848 xlO' 9 

Aio=-4. 8687 X 10" M 
m 1 3 SJ 
K = 0. 0000 

A4 =-5. 1534 xl O" 5 

Ae = 1.9734 xlO" 7 

As =-7.5561 xlO" 9 

Aio= 7. 3471 x 10"' 1 

[cos o ] mmM4 



f = 8.900 -15.400 -26.700 
Fno = 2.803 - 3.273 - 4.352 
v> =33.979° -19.754° -11.714° 



r i = 


57. 4208 


(4mm 


d i = 6. 0000 


11 d 1 


=1 


49241 


v d 1 


=57. 66 


r 2 = 


-123.0099 




d 2 =(«r£) 












r 3 = 


69. 5577 




d 3 = 1 . 6000 


Ild2 


=1 


69680 


v d2 


=55. 53 


r 4 = 


14.2834 




d 4 = 6. 2586 












r 5 = 


-21. 1750 




d 5 = 2. 0000 


n d3 


=1 


49241 


v d3 


=57. 66 


r 6 = 


21.5395 




de = 4.0013 












r 7 = 


27. 4483 




d 7 = 2. 0000 


11 d 4 


=1 


84666 


Vd4 


=23. 78 


r 8 = 


61. 9967 




da =(T*T^) 












r 9 = 


00 (& 


9) 


d9 =(nj^) 












r io = 


10. 1242 


ON*®) 


dio= 6.4751 


n d5 


=1 


49241 


V d5 


=57. 66 


r i l = 


-33. 1255 




dti=0. 1500 












r 1 2 = 


37. 2082 




d 12= 1.0000 


11 d6 


=1 


84666 


V d6 


=23. 78 


r 1 3 = 


11.0517 




dl3 = («T£;) 












r 1 4 = 


19.5986 


(*»iS) 


d t4= 4. 5000 


n d7 


=1. 


49241 


V d 7 


=57. 66 


r 1 5 = 


-24. 6901 




di5 = (pT^) 












r 1 6 = 


CO 




d 16= 1. 1400 


n d 8 


=1. 


54771 


Vd8 


=62. 84 


r i 7 = 


oo 




d 17= 0.8100 


11 d 9 


=1. 


54771 


V d9 


=62. 84 


r 1 8 = 


CO 




d 18= 1.0000 












r i 9 = 


oo 




d 19= 1.6000 


n d i o 


=1. 


51400 


v d 1 0 


=75. 00 


r 20 = 


oo 

















f 


8. 900 


15. 400 


26. 700 


d, 


1. 686 


11. 413 


17. 062 


d 8 


17. 393 


7. 667 


2.000 


d 9 


14. 398 


8.430 


2.000 


d l4 


5. 422 


7. 135 


6.302 


d ls 


14. 789 


19. 045 


26. 325 



40 



*B l fid 

K = 0. 0000 



-10- 



(ID WBMM 0- 6 2 6 8 7 

19 20 

A 4 =-2.5737 xlO-e 

Ae = 3.4236 xlO' 9 

As = 3.3566 xlO-' 2 

Aio=-2. 4726 xlO- 14 

m i ois 

K = 0. 0000 

Aa =-1.2078 xlO 4 

Ae =-9.4584 xlO" 7 

As = 8. 7354 xlO 9 

Aio=-1.7356 xlO" 10 

m 1 4gj 

K = 0. 0000 

A* =-4.3466 xlO' 5 

Ae =-1. 1251 xlO" 7 

As = 3.8242 <10~ 9 

Aio=-3. 8018 x 10"" 

[0 0 51] 



f = 8.900 -15.400 -26.699 
Fno= 2.803 - 3.020 - 4.416 
w =34.195° -20.020° -11.708° 



r i = 


43. 7492 


d i = 5. 0000 


11 d 1 


=1 


. 69680 


v d 1 


=55. 53 


r 2 = 


161.9148 


d 2 =(^r«) 












r 3 = 


24. 2833 


d 3 = 1.6000 


n d2 


=1. 


. 69680 


Vd2 


=55. 53 


r 4 = 


12. 8835 


d4 = 5.2105 












r 5 = 


-57. 3267 


ds = 1.3000 


n d3 


=1. 


69680 


v d3 


=55. 53 


r 6 = 


14.5752 


d e = 4. 5523 












r 7 = 


17. 8323 


d 7 = 2. 0000 


11 d 4 


=1. 


84666 


V d4 


=23. 78 


r 8 = 


27. 1091 


ds =wm 












r 9 = 




d9 =(nf^) 












r io = 


10.7156 (4mm 


d 10= 5. 0000 


n d5 


=1. 


49241 


v d5 


=57. 66 


r i i = 


-28.6168 


di i= 0. 1500 












r i 2 = 


50. 1240 


d 12= 1.0000 


n d6 


=1. 


84666 


v d6 


=23. 78 


r t 3 = 


13. 1907 


d 13 = 0513!) 












r i 4 = 


29.0560 (mm) 


d 1 4 = 4. 5000 


11 d 7 


=1. 


49241 


v d 7 


=57. 66 


r i 5 = 


-19.9778 


d» 5 = (pT^) 












r i 6 = 


CO 


d 16= 1. 1400 


n ds 


=1. 


54771 


V d8 


=62. 84 


r w = 


CO 


d 1 7= 0. 8100 


n d9 


=1. 


54771 


v d9 


=62. 84 


r i 8 = 


oo 


d i8= 1.0000 












r i 9 = 


CO 


d i 9 = 1 . 6000 


n d i 0 


=1. 


51400 


V d 1 0 


=75. 00 


r 20 = 


CO 















-11- 



21 



f 


8. 900 


15. 400 


26. 699 


d 2 


1. 000 


12. 535 


16. 106 


d 8 


18. 799 


7. 264 


3.693 


d 9 


15. 637 


12.496 


2.000 


d 13 


5. 363 


5. 029 


7.764 


d 15 


14. 952 


18.427 


26. 188 



/() 



(12) &m^\ 0 - 6 2 6 8 7 

22 



[0052] m. 



81 1 o ifij 

K = 0. 0000 

A 4 =-1.3295 xlO" 4 

As =-4.9679 xlO" 7 

As =-9.0848 xlO" 10 

Aio=-4. 5990 X 10' 1 1 

m i 4 m 

K = 0. 0000 

A4 =-4.7875 xlO" 5 

Ae =-1.9958 xlO" 8 

As = 2. 8214 x 1 0" 9 

Ai o=-1. 2863 x10- n 





f = 9.000 - 


15.590 -27.000 














Fno= 2.800 - 


3.030 - 4.069 














w =33.547° - 


19.731° -11.515° 












r t = 


44.5137 


d i = 4. 4000 


n d ) 


=1 


69680 


V d 1 


=55. 53 


r 2 = 


137. 7320 


d2 = (*p£) 












r 3 = 


23. 5602 


d3 = 1.6000 


n d2 


=1 


69680 


V d2 


=55. 53 


r 4 = 


12. 0406 


d4 = 5.7412 












r 5 = 


-54. 8255 


ds = 1.5000 


11 d3 


=1 


56384 


v d3 


=60. 70 


r 6 = 


13. 6238 


de = 3.8135 












r 7 = 


16.0196 


d 7 = 2. 2000 


n d4 


=1 


84666 


vd4 


=23. 78 


r 8 = 


23. 3091 


ds =("[!£) 












r 9 = 


($SE9) 


d9 












r i o = 


31. 1300 


d 10= 6. 5179 


11 d 5 


=1. 


77250 


v d5 


=49. 60 


r j i = 


-15.0403 


d i 1= 0. 1939 












r 1 2 = 


-13.3787 


d 1 2= 0. 8893 


n d 6 


=1. 


84666 


V d6 


=23. 78 


rt 3 = 


-65. 0570 


dl3 = (»f^) 












r t 4 = 


-2370.3961 Cmtim) 


d 1 4 = 4. 3000 


n d 7 


=1. 


49241 


V d7 


=57. 66 


r i 5 = 


-14.2694 


d is = («rs!) 












r 1 5 = 


OO 


d 1 6 = 1 . 1 400 


11 d8 


=1. 


54771 


v d 8 


=62. 84 


r 1 7 = 


OO 


di?= 0.8100 


n d9 




54771 


v d9 


=62. 84 


r i 8 = 


oo 


dis= 1.0000 













-12- 



23 

r i 9= oo 

r 20= °o 

r 21= oo 

r 22= co 



f 


9. 000 


15. 590 


27.000 


d, 


1. 000 


13. 349 


18. 974 


d 8 


20. 474 


8. 125 


2.500 


d 9 


13. 221 


9. 796 


2.000 


d 13 


6. 416 


6. 356 


7.516 


d ls 


15. 209 


18. 694 


25. 330 



10 



m i 4 © 

K = 0. 0000 
A4 =-7.8946 xlO" 5 
As = 3.2441 xlO" 8 
Aa =-1.6090 X 10" 9 
Ai o- 1.6631 x 1 0" M 

[0053] a±ommm\ mmm i cvmmmc-y* ccm^m^^^-r. m*p* if±nffi&- 

m^-7*-J3*Ltz.t%. IB4WG4JCADX.T!B2#G [0 0 5 4] ±E3MKM 1 - 6 (OWiK*f+* 

2co#«i«cj:oTJ: 9MC7t-^^ Lfc<t #coiR jo (l) - (4) coft«r»:a5*(c^-r o 

SSISr-til^LBI 7, [18, HI 9 ICtjH" „ cn«bCOl|X^ [0 0 5 5 ] 

l*] 1 ^ S A*iJ*iSl|RS, ASIi#M?JftS, OTJi^ftlR* 





(i) 


&#5£ (2) 


(3) 


*#5t (4) 




-0.64 


0.2 5 


1.8 3 


0. 0 8 0 


! ^J6#J2 


- 0. 6 3 


0.2 5 


1.5 1 


0.098 


i 


- 0. 7 1 


0.2 6 


1.6 1 


0. 10 6 




-0.8 1 


0.2 9 


1.6 7 


0.111 


S5««5 


-0.90 


0.2 9 


1.6 9 


0. 10 5 




- 0. 6 2 


0.3 2 


1.6 1 


0. 0 9 7 



(13) 0 -6 2 6 8 7 

d 19= 1.0000 iid i o=1. 51000 vdio=75.00 
d2o= 1. 0000 

d 2 1 = 0. 8000 n d i i =1 . 52300 vdii =55. 00 



-13- 



(14) 



ftmW- 1 0- 6 2 6 8 7 



25 



26 



5M)t' t 1bot, £M t?i uvXco^/ju^ft 5- 

£ &flHS <h 6 X— A u > X Q 

[0 0 5 7] [ 2 ) ^f«ij J: *) HIHtc, jEcoJmUf^^r* 

/j^b/j:^ £5 2flm'>ft< <b t> l tt(OIEu>X&^L, /a 

■tfcco* u> XSr^tf - <t X- a u> x o 

[0 0 5 8] [3] VommX Q ffiM, jEcOSW^^T* 

^"i-5^3fit, IE(/^rr^^^i-6^4p7'^6^ { 9 , J£ 

■ft *a /j *z> m m i c ^ i i x £ f # i - o m . » 2 w j n« « i c » 

/j^b4^J, SB2W*i'><c< £fc l fecoiEu>X£^.?^ 
»3Bi±'>ft< <t 1 »4»{iiE 2« 

eoig u > Xtnitfrb <c 6 z <t &<EH& £ -r 5 x— a u > 

x 0 

[0 0 5 9] [4] IfcftflW J; Affile:, jEtoJSflr**** 

— 2. 5 < z 3 /z2 < — 0. 45 

fcflfu ?si (iii2, 3) tt* i «coj!£-fta»^e>ffla 
jib— w o r , * f*M /j > b & m (c o ^ 

£r IE >x 
0. 0 5 < f 4 / f 1 < 0 . 41 

fztzL. fi (nil, 4) i±ig i BcojS/grffifiir**) 
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